Abstract. The aerated biological filter is a new kind of wastewater treatment technology developed in Europe and America in the late 1980s. According to field test result and foreign reports, the paper expounds the application of aerated biological filter in sewage treatment from the aspects of the process principle, influence factors of treatment effect and advantages and disadvantages.
The Influence Factors of the Treatment Effects of the Biological Aerated Filter The Hydraulic Retention Time
The hydraulic retention time mainly affects the startup process of biofilm of the biological aerated filter. The long hydraulic retention time makes the sewage in the biological aerated filter update slowly. The pollutants in the wastewater are not sufficient for the microorganisms on the packing whose activity decreases [3] . The short hydraulic retention time makes the hydraulic erosion force increase and the microorganisms attaching to the packing are easy to be washed away. The short time affects the startup process of biofilm of the biological aerated filter which causes the pollutants in the water not be degraded completely. In addition, the hydraulic retention time is related to the anti-flushing frequency of aerated biological filter.
The Dissolved Oxygen
The biological aerated filter technology needs to aerate into the filter during the sewage treatment process. On the one hand, it can provide sufficient oxygen for the biofilm on the packing of the aerated biological filter. On the other hand, it can make the sewage contact with the biofilm fully. It is in favor of microbial metabolism for pollutants in the sewage and it can accelerate the biofilm regeneration and ensure that the biofilm has high decontamination ability.
There is a direct relation between the treatment effect of aerated biological filter and the dissolved oxygen. Firstly, the dissolved oxygen affects the type of microbial metabolism. Secondly, the dissolved oxygen affects the microbial metabolism rate. Finally, the dissolved oxygen affects the microorganism growth rate [4] . Especially, for the aerated biological which is used for nitrogen removal, the dissolved oxygen has more influence on the treatment effect. The nitrification of ammonia nitrogen by the microbial metabolism is an aerobic process which is under high concentration of dissolved oxygen. Too low dissolved oxygen will inhibit the nitrification process. The denitrification process is under anoxic condition and too high dissolved oxygen will inhibit the denitrification process. In order to obtain a good nitrogen removal effect, the dissolved oxygen in the water must be controlled in a suitable range.
The Temperature
The effect of temperature on the treatment effect of the aerated biological filter refers to that the temperature may affect the metabolic activity of microorganism. In general, the metabolic activity of microorganism increases and decreases with the temperature. The reaction rate of the microbial metabolism will be halved along with the temperature decreasing by 10℃.
The Organic Loading
The organic loading is the amount of the chemical oxygen demand or biochemical oxygen demand shared by the unit volume packing, which is expressed in kg/(m3 • d). High organic loading leads to pollutants inadequate degradation and makes the heterotrophic bacteria in the dominant position competing with the autotrophic bacterium such as the nitrifying bacteria [5] . Under the circumstances, the growth and metabolic ability of the nitrifying bacteria are affected, and the nitrogen removal effect is decreased. Low organic loading leads to that the pollutants in the wastewater are not sufficient for the microorganisms on the packing. The microorganism is in the endogenous respiration phase, which affects the microorganism metabolic activity, and even the biofilm becomes detached, which affects the treatment effect of the aerated biological filter.
The Backwashing
The aeration biological filter must be backwashed periodically in the operation process aiming to remove suspended solids intercepted by the packing and wash out the aging biofilm with poor metabolic capacity on the surface [6] . The method, period and intensity of backwashing affect the operation efficiency of the aeration biological filter and should be selected in combination with the actual operation.
The Advantages and Disadvantages of the Aeration Biological Filter
The Advantages Small Foot Space and Low Investment. The secondary sedimentation tank can be not set up after the aeration biological filter, which can save the space and investment. In addition, the packing with small particle size, large specific surface area, high biomass, and the biofilm regeneration by backwashing can keep the biofilm high activity, so the wastewater can be purified in a short time. The hydraulic loading and volume loading of the aerated biological filter are much higher than traditional sewage treatment technology. And the hydraulic retention time is shorter than traditional sewage treatment technology [7] . Therefore, the area and volume of the biological treatment are small, saving foot space and investment.
High Water Quality. In the aerated biological filter, the effluent SS is very low, generally not exceeding 10mg/L, due to the biological flocculation of the packing itself and the surface biofilm. The biofilm can be regenerated effectively which is characterized by a thin biofilm and high activity because of backwashing periodically. Highly active biofilm can adsorb and intercept some refractory substances.
High Oxygen Transmission Efficiency, High Aeration Rate, Low Oxygen Consumption. In the aerated biological filter, the oxygen utilization efficiency can reach 20% to 30%. And the aeration amount is significantly lower than that of the general biological treatment.
Strong Impulsion Load Resistance and Low Temperature Resistance. The operation experience indicated that the aerated biological filter can operate under a normal load of 2-3 times short-term impulsion load, and the water quality changes very little. The mainly depends on the large specific surface area of the packing. When additional organic load is added, the biomass on the surface can increase rapidly. On the other hand, it depends on the buffering capacity of the aeration biological filter.
Easy Biofilm Culturing, Instant Start. The aeration biological filter can complete startup process of biofilm in 2 to 3 weeks when the water temperature is 10 to 15℃ [8] . The aerated biological filter can be shut down under the condition of temporarily out of use. At this time, the biofilm on the surface of the filter is not dead, but in the forms of spores, which can be returned to the normal in a very short time.
The Aeration Biological Filter Adopts A Modular Construction, Which Is Convenient For Reconstruction and Expansion Latterly.
The Disadvantages
High Requirements for Suspended Solid in Influent. The particle size used in the aeration biological filter is generally small. If the suspended solid in influent is high, the design water head will be reached in a very short time, which causes frequent backwashing and increase the operation cost and the inconvenience for management.
High Water-Head Loss. The aeration biological filter has the function of intercepting the suspended solid instead of the secondary sedimentation tank, but also high water-head loss.
High Hydraulic Load in Short Time. In the backwashing operation, the backflush flows into the primary settling tank directly, which causes high hydraulic load.
The Filter Material of the Aeration Biological Filter
The filter material is the main factor to affect the purification effect of the aeration biological filter. The filter material is the place which is microbial growth habitat. Suitable biological materials should meet the following requirements:
(1) High specific surface area. Porous inert materials with high specific surface area and high porosity are selected as packing. This kind of filter material is beneficial to the maintenance of biomass and promote microbial metabolism.
(2) Good mechanical strength. It allows the filter materials to retain its original size and shape even during the filtration.
(3) Good abrasion resistance. The filter material should have good abrasion resistance, which can reduce the abrasion of the filter material in the later period of the backwashing.
(4) The porosity and the surface roughness. The filter material has a certain porosity and roughness, which can reduce the microbial overdose loss, to ensure the requirement of biological filter cycle, so that the water quality is relatively stable.
(5) Good biological and chemical stability. The filter material should have good biological and chemical stability, and it should not be involved in biological chemical reaction of biofilm.
(6) The surface electricity and hydrophilic. (7) The wet density.
Summary
The aeration biological filter has some advantage on economy and a wide application prospect in the sewage treatment because of good denitrification removal effect, high handling load, small space occupied, simple management and easy replacement and extension.
